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DYNAMIC UPGRADE OF QUALITY OF SERVICE 
IN A PACKET SWITCHED NETWORK 

BACKGROUND OF THE INVENTION 
5 Technical Field of the Invention 

The present invention relates in general to the transmission of data in a 
telecommunications network, and in particular to dynamically modifying the quality 
of service in connection with packet switched communications. 

10 Description of Related Art 

Initially, mobile telecommunications systems were designed primarily for 
purposes of enabling voice communications in a wireless environment. As wireless 
telecommunications systems have evolved, additional voice and messaging services 
and features have been added. In addition, newer generations of wireless 

1 5 telecommunications systems based on packet switched technology are being designed 

to handle an even more diverse range of data communications services. In contrast 
to analog and digital cellular protocols that are designed primarily for voice 
communications, these services allow for the transmission of large amounts of data 
at higher speeds than have previously been attainable, the possibility of maintaining 

20 a consistent connection to the network, and the ability to handle multimedia 
applications in an efficient way. 

The end to end quality of service for a data transmission is dependent upon the 
quality of service characteristics of the networks over which the data travels, such as 
the amount of bandwidth dedicated to the communication, the transfer delay, the 

25 reliability of the transmission (i.e., the error ratio), the traffic handling priority (e.g., 

a selection of which packets are dropped first if necessary), and the traffic class. In 
a public land mobile network (PLMN) that provides a packet transport service such 
as General Packet Radio Service (GPRS), for example, the transmission of data 
involves resources fi"om both a packet switched core network and a radio network. As 

30 a result, the overall quality of service for a data packet transmission depends upon the 
quality of service provided by each of the packet switched core network and the radio 
network. The quality of service provided by the radio network is dependent on 
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characteristics of the radio network, while the quality of service provided by the core 
network is dependent on the characteristics of the core network bearer. 

When a data communication is initiated from a subscriber terminal, the 
subscriber requests a particular quality of service. The PLMN analyzes the request 
and, based in part on the availability of resources in the network, either provides the 
requested quality of service, proposes an alternative quality of service, or rejects the 
request. The subscriber terminal can accept or reject a proposed alternative quality 
of service or can renegotiate an alternative quality of service if the initial request was 
rejected. 

If the PLMN cannot provide the initially requested quality of service due to 
congestion in either the radio network or the packet switched core network and the 
subscriber accepts a lower quality of service, the application that the subscriber wants 
to run might perform poorly. For example, the lower quality of service might result 
in slower transmission speeds or in a higher bit error rate. Unless the subscriber 
subsequently performs a manual upgrade of the quality of service at a time when a 
higher quality of service is available, any such inferior performance will continue for 
the duration of the communication session. As a result, the subscriber might run the 
application for long periods of time (e.g., hours) using a quality of service that is 
inferior to what he or she is entitled to use and is willing to pay for, even in cases 
where the POvfN's congested state is alleviated shortly after the subscriber initiated 
the communication session. 

SUMMARY OF THE INVENTION 

The present invention comprises a method and system for upgrading and 
downgrading a quality of service that is provided by a packet-switched 
telecommunications network for communications involving a mobile user station. 
When a user station initiates a packet data communication session, the user station 
requests a certain quality of service. When the telecommunications network receives 
the request, the network attempts to allocate the requested quality of service for use 
during the communication session. If the network is congested, however, there might 
not be sufficient network resources available to be able to provide the requested 
quality of service. If the network detects such congestion, then an alternative quality 
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of service can be assigned for use by the subscriber station, and the network can 
initiate a data communication session using that alternative quality of service. 

During the communication session, the network monitors the level of 
congestion. In particular, the network attempts to identify an available quality of 
service that might be more attractive to the user for use during the ongoing 
communication session. Once the network identifies such an available quality of 
service, the network assigns the available quality of service for use by the subscriber 
station during the communication session. Preferably; the available quality of service 
is the same as the initially requested quality of service. As a result, the system is able 
to automatically upgrade or downgrade the quality of service offered to the user in 
accordance with the initial request. 

In accordance with one embodiment of the invention, the network notifies the 
user station of the assignment of the alternative quality of service and, subsequently, 
of the availability of the potentially more attractive quality of service. The user is then 
able to accept or decline any assignment of an alternative quality of service and any 
modifications of the ongoing quality of service. 

In accordance with another embodiment of the invention, the packet-switched 
telecommunications system comprises a radio network for communicating data packet 
signals with the user station and a core network for routing the data packets during the 
communication session. In response to the request for a data communication session, 
the radio network attempts to assign an appropriate radio access bearer service for use 
during the communication session, while the core network attempts to assign an 
appropriate core network bearer service for use during the communication session. 
If either the radio access bearer service or the core network bearer service cannot 
provide the requested quality of service, the system subsequently monitors congestion 
(i.e., after the packet session is established) in the networks to upgrade or downgrade 
the bearer services as appropriate so as to provide the requested quality of service. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention, reference is made 
to the following detailed description taken in conjunction with the accompanying 
drawings wherein: 
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FIGURE 1 is a block diagram of a portion of a public land mobile network 
(PLMN) that is adapted to conduct packet-switched data communications; 

FIGURE 2 is a flow diagram of a method for perfomiing a dynamic upgrade 
of a quality of service in a mobile telecommunications system; 

FIGURE 3 is a message flow and signaling diagram exemplifying one 
preferred embodiment of the present invention in connection with a UMTS PLMN, 
wherein a quality of service upgrade is initiated in the radio network; 

FIGURE 4 is a message flow and signaling diagram exemplifying another 
preferred embodiment of the present invention in connection with a UMTS PLMN, 
wherein a quality of service upgrade is initiated in the serving switching node of the 
core network; 

FIGURE 5 is a message flow and signaling diagram exemplifying yet another 
preferred embodiment of the present invention in connection with a UMTS PLMN, 
wherein a quality of service upgrade is initiated in the service switching node of the 
core network; and 

FIGURE 6 is a message flow and signaling diagram exemplifying another 
preferred embodiment of the present invention in connection with a UMTS PLMN, 
wherein a quality of service upgrade is initiated in the gateway GPRS support node 
(GGSN) of the core network. 

DETAILED DESCRIPTION OF THE INVENTION 

Reference is now made to the Drawings wherein like reference characters 
denote like or similarparts throughout the various Figures. Referring now to FIGURE 
1, there is illustrated a block diagram of a portion of a public land mobile network 
(PLMN) 2 that is adapted to conduct packet-switched data communications. The 
PLMN 2 includes a radio network 4 and a core network 6. Although the PLMN 2 is 
depicted as operating in accordance with, and will hereinafter be discussed with 
reference to, third generation standards incorporating the Universal Mobile 
Telecommunications System (UMTS) standards, those skilled in the art will 
appreciate that other standards (e.g., GSM/GPRS) and specifications may also utilize 
the principles of the present invention. 
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In performing packet-switched data communications in the mobile 
telecommunications context, data packets are transmitted to a subscriber's user 
equipment (UE) 10 from a server located in an external network 12 (e.g., the Internet) 
via the radio network 4 and the core network 6. The user equipment 10 comprises a 
mobile subscriber station having a mobile termination and a user terminal. An end-to- 
end transfer of user data (e.g., images, applications software, voice over IP, text, and 
the like) can take place between the temfiinal of the user equipment 10 and a data 
network point-of-presence (i.e., the point to which incoming datagrams are routed 
from the external networks 12) after a UMTS packet session has been established via 
control signaling. A request for user data is sent to the UMTS packet-switched core 
network 6 over the radio network 4, which includes a radio transceiver in the user 
equipment 10, an air interface 14, and a radio network system (RNS) 16 that includes 
a base station (BS) 1 7 and a radio network controller (RNC) 18. 

The core network 6, which includes a serving GPRS support node (SGSN) 20, 
a packet network 22, and a gateway GPRS support node (GGSN) 24, further sends the 
request to the external network 12 where the server is located. The packet backbone 
network 22 portion of the core network 6 can, for example, route (e.g., using IP 
routing) tunneled (e.g., GTP tunneled) user and control plane packets between the 
network nodes. In such a case, the timnels might terminate in the SGSN 20 and 
GGSN 24 via the GTP protocol. 

In a preferred embodiment, packet-switched data communications occur 
during a UMTS packet session, which comprises a logical relationship between a 
Service Access Point in the mobile terminal of the user equipment 10 and a data 
network point-of-presence (i.e., the point to which incoming datagrams are routed 
from an external network 12). Each packet session corresponds to one IP address and 
to one or more activated PDP contexts, up to a maximum allowed number. Each of 
the PDP contexts is associated with one UMTS bearer and represents a context in the 
user equipment 10, the SGSN 20, and the GGSN 24 that contains parameters 
associated with a flow of packet data, such as a PDP address, PDP type. Access Point 
Name, and Quality of Service profile. Accordingly, each PDP context is associated 
with a particular Quality of Service profile. In addition, each PDP context is 
identified by a mobile terminal identifier (e.g., an International Mobile Station 
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Identifier (IMSI)) and a PDP context index (e.g., NSAPI) for the mobile terminal. 
During a PDP context activation from the user equipment 10 that is initiating or 
involved in a packet session, different Quality of Service profiles can be achieved 
through the PLMN 2 by requesting a specific Quality of Service in a "QoS" parameter 
of a PDP Context Activation Request, which is initiated by a mobile terminal part of 
the user equipment 1 0. The requested Quality of Service is used to define the Quality 
of Service characteristics of the UMTS bearer set up for the PDP context. The UMTS 
bearer includes a Radio Access Bearer (RAB), which consists of the radio bearer and 
the GTP tunnel between the RNC 1 8 and the SGSN 20, and core network bearer, 
which consists of the GTP tunnel between the SGSN 20 and the GGSN 24. 

During a packet session, the user equipment 10 maps uplink IP user packets 
to a particular UMTS bearer, which includes a particular core network bearer service 
26 and a particular radio access bearer service 28. Similarly, for downlink IP user 
packets, the GGSN 24 maps the packets to a specific UMTS bearer. In particular, the 
Quality of Service indication that is specified in the user packet (e.g., a data service 
(DS) byte) is mapped to a UMTS bearer with a defined Quality of Service in the user 
equipment 10 for uplink traffic and in the GGSN 24 for downlink traffic. 
Accordingly, the UMTS bearer is established via control signals at the UMTS packet 
session activation (e.g., PDP context activation). 

The core network bearer service 26 and the radio access bearer service 28 
collectively provide a tunnel for the transfer of user data packets between the user 
equipment 10 and the GGSN 24, which serves as the extemal network border. The 
control signaling that occurs during the packet session activation sets up these bearers 
26 and 28 with the appropriate Quality of Service profiles. The quality of service for 
the data transmission through the PLMN 2 is dependent upon the individual quality 
of service provided by each of the core network bearer service 26 and the radio access 
bearer (RAB) service 28. Thus, if either of the individual networks 4 and 6 cannot 
provide the requested quality of service, then the user equipment 1 0 cannot obtain the 
requested quality of service. In addition, the actual quality of service might further 
depend upon factors that are beyond a quality of service (QoS) domain border 30 for 
the PLMN 2. Such extemal factors, however, cannot be controlled by the PLMN 2. 
Instead, the quality of service offered by the radio network 4 and the core network 6 
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are entirely independent of any factors affecting transmission quality that are outside 
of the PLMN 2. 

Once the RAB service 28 and the core network bearer service 26 have been set 
up and assuming the requested quahty of service is available, the server in the external 
network 1 2 responds to a request for certain data by transmitting the data to the GGSN 
24. The GGSN 24, in turn, transmits the data to the user equipment 10 via the core 
network 6 and the radio network 4. 

On the other hand, if the requested quality of service is not available (e.g., 
because of congestion in the network), the PLMN 2 can either deny the data request 
or can propose an alternative quality of service by mapping the user equipment 10 to 
a different bearer service 26 or 28. If the user accepts a lower quality of service, or 
initiates a data request with a lower quality of service, it might be desirable to allow 
the user to upgrade the quality of service if a higher quality of service subsequently 
becomes available. Similarly, if the PLMN 2 proposes, and the user accepts, a higher 
quality of service than was requested (assuming the user equipment 10 is capable of 
supporting the higher quality of service), or the user initiates a higher quality of 
service due to an unavailability of the requested quality of service, the user might have 
to pay more for the service than he or she would prefer to pay. The user, therefore, 
might want to downgrade the quality of service if the lower, initially requested quality 
of service subsequently becomes available. Current systems, however, do not provide 
for such a quality of service upgrade or downgrade. 

In accordance with the present invention, the PLMN 2 stores the initial quality 
of service request received from the user equipment 10 in either the radio network 4 
or the core network 6. Then, if the initially requested quality of service becomes 
available, the network 2 will initiate an automatic upgrade or downgrade of the quality 
of service, conditioned upon acceptance by the user, by altering the UMTS bearer 
Quality of Service characteristics that were initially negotiated between the user 
equipment 1 0 and the PLMN 2 during the packet session activation. In particular, the 
network will reserve the resources that are necessary for providing the initially 
requested quality of service and will query the user to determine whether the user 
wants to upgrade or downgrade to that quality of service. If the user accepts, the 
network 2 initiates the automatic upgrade or downgrade of the quality of service. 
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Referring now to FIGURE 2, there is illustrated a flow diagram of a method 
50 for performing a dynamic upgrade of a quality of service in a mobile 
telecommunications system. Initially, the user equipment 10 requests activation of a 
service, including a designation of a desired quality of service, at step 52. The system, 
however, detects an unavailability of the requested quality of service at step 54. As 
a result, the system identifies a lower level quality of service that is available and 
assigns the user equipment communications to that lower quality of service at step 56. 
The user equipment 1 0 is then queried at step 58 to determine if the user is willing to 
accept the lower quality of service. If the user rejects the lower quality of service, 
then the process 50 ends at step 60. On the other hand, if the user accepts the lower 
quality of service, the system activates the requested service. 

Thereafter, the system continuously monitors the quality of service availability 
within the PLMN 2 at step 62. Once the system detemiines that a higher quality of 
service is available, the user is again queried at step 64 to determine if the user is 
willing to accept the particular higher quality of service. Such a higher quality of 
service would generally involve a higher charging rate. If the user is unwilling to 
accept the higher charges, or is otherwise unwilling to accept an upgraded quality of 
service, the system continues to operate at the lower quality of service at step 66. If 
the user does accept the higher quality of service (and the higher charging rate, if 
applicable), the system upgrades the quality of service at step 68. 

Referring now to FIGURE 3, there is depicted a message flow and signaling 
diagram exemplifying one preferred embodiment of the present invention in 
connection with a UMTS PLMN 2, wherein a quality of service update is initiated in 
the radio network 4. The user equipment 10 sends a packet data protocol (PDF) 
context activation request 80 requesting a first quality of service (QoSl) level via the 
radio network controller (RNC) 18 to the SGSN 20. The PDP context activation 
request 80 is used to initiate a data communication session. In response, the SGSN 
20 sends a radio access bearer (RAB) assignment request 82 to the RNC 1 8 requesting 
an assigmnent of resources to provide the user equipment 10 with the first quality of 
service (QoSl) level. At step 84, however, the RNC 18 identifies congestion in the 
radio network 4 that prevents the radio network 4 from being able to provide the 
requested first quality of service (QoSl). Because of the congestion, the RNC 18 
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assigns a second quality of service (QoS2) level for use by the user equipment 10 and, 
at step 86, stores an indication that the first quality of service (QoSl) level was 
requested. 

The RNC 1 8 sends the SGSN 20 an RAB assignment complete message 88 
indicating the assignment of a radio access bearer having the second quality of service 
(QoS2) for use by the user equipment 10. The SGSN 20 then sends a PDP context 
activation accept message 90 to the user equipment 1 0 indicating that the second 
quality of service (QoS2) level has been assigned to the user equipment 10. Because 
the second quality of service is different from what was origirially requested, the user 
equipment 1 0 can either accept or reject the alternative quality of service assignment. 
In this example, it is assumed that user equipment accepts the second quality of 
service (QoS2) at step 92. As a result, the data communication session is successfully 
implemented, albeit at a different quality of service level than was originally 
requested. 

During the data communication session, the RNC 1 8 monitors the traffic level 
at step 94 as a result of having previously stored the initial quality of service request 
at step 86. Eventually, at step 96, the RNC 1 8 identifies a radio access bearer service 
that is capable of providing the first quality of service (QoS 1 ). Accordingly, the RNC 
1 8 sends a new RAB request 98 to the SGSN 20 indicating that the first quality of 
service (QoSl) can now be provided. The SGSN 20, in turn, sends a message (e.g:, . 
a Create PDP Context Request message(See FIGURE 6)) to the GGSN 24 to 
determine whether the GGSN 24 can also provide the first quality of service. 
Assuming the GGSN 24 can support the first quality of service, the necessary 
resources are reserved in the GGSN 24 and the SGSN 20 sends a modify PDP context 
request 100 to query the user equipment 10 as to whether the user is willing to accept 
the initially requested quality of service (QoSl). Assuming the user equipment 10 
accepts the first quality of service (QoS 1 ) at step 1 02, the user equipment 1 0 transmits 
a modify PDP context accept message 104 to the SGSN 20. 

In response, the SGSN 20 sends a message (not shown) to the GGSN 24 (see 
FIGURE 1 ) instructing the GGSN 24 to provide the first quality of service and sends 
a radio access bearer (RAB) assignment request 82 to the RNC 1 8 again requesting 
an assigrmient of resources to provide the user equipment 1 0 with the first quality of 
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service (QoSl) level. In this case, the RNC 18 can provide a radio access bearer 
service having the first quality of service (QoSl) level, as indicated in the new RAB 
request 98. Thus, the RNC 1 8 allocates the appropriate radio access bearer service for 
use by the user equipment 10 and sends a message 106 notifying the user equipment 
5 10 that the radio network 4 is ready for the new quality of service. The RNC 18 also 
sends the SGSN 20 another RAB assignment complete message 88 indicating the 
assignment of a radio access bearer having the first quality of service (QoSl) for use 
by the user equipment 1 0. The SGSN 20 then sends a message 1 08 notifying the user 
equipment 10 that the core network (CN) 4 is ready for the new quality of service. 

10 The data communications can then continue but at the new quality of service level. 

Alternatively, instead of updating the quality of service to the originally 
requested quality of service, the system might also select some other quality of service 
level that might be more desirable to the user. For example, if the user initially 
requests a first quality of service but is assigned a much lower second quality of 

15 service due to congestion in the network, the system can upgrade to a third quality of 

service that is intermediate to the first and second quality of service levels, assuming 
that the user accepts the third quality of service. 

Referring now to FIGURE 4, there is depicted a message flow and signaling 
diagram exemplifying another preferred embodiment of the present invention in 

20 connection with a UMTS PLMN 2, wherein a quality of service upgrade is initiated 
in the core network 6. First, the user equipment 10 sends a packet data protocol (PDF) 
context activation request 80 requesting a first quality of service (QoSl) level via the 
RNC 18 to the SGSN 20. In response, the SGSN 20 sends a radio access bearer 
(RAB) assignment request 82 to the RNC 18 requesting an assignment of resources 

25 to provide the user equipment 10 with the first quality of service (QoSl) level. At 

step 84, however, the RNC 18 identifies congestion in the radio network 4 that 
prevents the radio network 4 from being able to provide the requested quality of 
service. Because of the congestion, the RNC 1 8 assigns a second quality of service 
(QoS2) level for use by the user equipment 10 and sends the SGSN 20 an RAB 

30 assignment complete message 88 indicating the assignment of a radio access bearer 
having the second quality of service (QoS2) for use by the user equipment 10. 
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The SGSN 20 recognizes, however, that the assigned quality of service is not 
what was originally requested and, at step 120, stores an indication that the first 
quality of service (QoSl) level was initially requested. The SGSN 20 then sends a 
PDP context activation accept message 90 to the user equipment 1 0 indicating that the 
second quality of service (QoS2) level has been assigned to the user equipment 10. 
Because the second quality of service is different from what was originally requested, 
the user equipment 10 can either accept or reject the alternative quality of service 
assignment. In this example, it is assumed that the user equipment 10 accepts the 
second quality of service (QoS2) at step 92. As a result, the data communication 
session is successfully implemented, albeit at a different quality of service level than 
was originally requested. 

During the data communication session, the SGSN 20 periodically transmits 
an upgrade quality of service (QoS) request 122 to the RNC 18 as a result of having 
previously stored the initial quality of service request at step 120. In response to the 
request 122, the RNC 18 determines whether a higher quality radio access bearer is 
available during a timeout interval 123 in which resources in the RNC 18 are polled 
to determine the availability of radio access bearers at the RNC 18. If the RNC 18 
determines at step 124 that the radio network 4 is still congested, the RNC 18 sends 
a message 126 denying the upgrade QoS request 122. The SGSN 20 will then 
continue to periodically send an upgrade quality of service request 122. If the RNC 
1 8 determines that a higher quality radio access bearer is available, the RNC 1 8 sends 
an upgrade quality of service acceptance message 128. 

The SGSN 20, in turn, sends a message (see FIGURE 6) to the GGSN 24 to 
determine whether the GGSN 24 can support the first quality of service and to reserve 
the necessary resources. The SGSN 20 also sends a modify PDP context request 1 00 
to query the user equipment 10 as to whether the user is willing to accept the initially 
requested quality of service (QoS 1 ). Assuming the user equipment 1 0 accepts the first 
quality of service (QoSl) at step 102, the user equipment 10 transmits a modify PDP 
context accept message 104 to the SGSN 20. In response, the SGSN 20 notifies the 
GGSN 24 of the upgrade and sends a radio access bearer (RAB) assignment request 
82 to the RNC 18 again requesting an assignment of resources to provide the user 
equipment 1 0 with the first quality of service (QoS 1 ) level. In this case, the RNC 1 8 

376A2 I > 
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can provide a radio access bearer service having the first quality of service level, as 
indicated in the upgrade quality of service acceptance message 128. Thus, the RNC 
1 8 allocates the appropriate radio access bearer service for use by the user equipment 
10 and sends a message 106 notifying the user equipment 10 that the radio network 
5 4 is ready for the new quality of service. 

The RNC 18 also sends the SGSN 20 another RAB assignment complete 
message 88 indicating the assignment of a radio access bearer having the first quality 
of service (QoSl) for use by the user equipment 10. The SGSN 20 then sends a 
message 108 notifying the user equipment 10 that the core network (CN) 4 is ready 

10 for the new quality of service. Although FIGURE 4 illustrates a situation in which the 
SGSN 20 periodically queries the radio network 4 for purposes of upgrading to an 
originally requested, higher quality of service, if it is available, it will be understood 
by those of ordinary skill in the art that the same process can also be used, under 
appropriate circumstances, for purposes of downgrading the quality of service or 

15 changing the quality of service to a level other than what was originally requested. 

Refenring now to FIGURE 5, there is depicted a message flow and signaling 
diagram exemplifying yet another preferred embodiment of the present invention in 
connection with a UMTS PLMN 2, wherein a quality of service upgrade is initiated 
in the core network 6. As with the previous embodiments, the user equipment 10 

20 sends a packet data protocol (PDP) context activation request 80 requesting a first 
quality of service (QoSl) level via the RNC 18 to the SGSN 20. In this case, 
however, at step 140, the SGSN 20 identifies congestion in the SGSN 20 itself (or in 
some other part of the core network 6) that prevents the core network 6 from being 
able to provide the requested quality of service. Because of the congestion, the SGSN 

25 20 assigns a second quality of service (QoS2) level for use by the user equipment 10 
and, at step 142, stores an indication that the first quality of service (QoSl) level was 
initially requested. 

The SGSN 20 sends a radio access bearer (RAB) assignment request 82 to the 
RNC 18 again requesting an assignment of resources to provide the user equipment 
30 10 with the second quality of service (QoS2) level. Assuming the RNC 18 can 
provide a radio access bearer service having the second quality of service level, the 
RNC 1 8 allocates the appropriate radio access bearer service for use by the user 
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equipment 1 0 and sends a message 1 06 notifying the user equipment 1 0 that the radio 
network 4 is ready for the new quality of service. The RNC 18 also sends the SGSN 
20 another RAB assignment complete message 88 indicating the assignment of a radio 
access bearer having the second quality of service (QoS2) for use by the user 
equipment 10. 

The SGSN 20 then sends a PDP context activation accept message 90 to the 
user equipment 1 0 indicating that the second quality of service (QoS2) level has been 
assigned to the user equipment 10. Because the second quaHty of service is different 
from what was originally requested, the user equipment 10 can either accept or reject 
the altemative quality of service assignment. In this example, it is assumed that user 
equipment accepts the second quality of service (QoS2) at step 92. As a result, the 
data communication session is successfully implemented, albeit at a different quality 
of service level than was originally requested. 

During the data communication session, the SGSN 20 monitors the traffic 
level at step 144 as a result of having previously stored the initial quality of service 
request at step 142. Eventually, at step 146, the SGSN 20 identifies a core network 
bearer service that is capable of providing the first quality of service (QoSl). The 
SGSN 20 allocates that core network bearer service to the user equipment and notifies 
the GGSN 24 of the change to the first quality of service to determine whether the 
GGSN 24 can support the change and so that the GGSN 24 can reserve the necessary 
resources. The SGSN 20 then sends a modify PDP context request 100 to query the 
user equipment 1 0 as to whether the user is willing to accept the first quality of service 
(QoSl). If the user equipment 10 accepts the first quality of service (QoSl) at step 
1 02, the user equipment 1 0 transmits a modify PDP context accept message 1 04 to the 
SGSN 20. 

In response, the SGSN 20 sends a radio access bearer (RAB) assignment 
request 82 to the RNC 18 again requesting an assignment of resources to provide the 
user equipment 1 0 with the first quality of service (QoSl) level. Assuming the RNC 
1 8 can provide a radio access bearer service having the first quality of service level, 
the RNC 18 allocates the appropriate radio access bearer service for use by the user 
equipment 10 and sends a message 106 notifying the user equipment 10 that the radio 
network 4 is ready for the new quality of service. The RNC 18 also sends the SGSN 
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20 another RAB assignment complete message 88 indicating the assignment of a radio 
access bearer having the first quality of service (QoSl) for use by the user equipment 
1 0. The SGSN 20 then instructs the GGSN 24 to activate the first quality of service 
and transmits a message 108 notifying the user equipment 10 that the core network 
5 (CN) 4 is ready for the new quality of service. 

Referring now to FIGURE 6, there is depicted a message flow and signaling 
diagram exemplifying another preferred embodiment of the present invention in 
connection with a UMTS PLMN 2, wherein a quality of service upgrade is initiated 
in the GGSN 24 of the core network 6. As with the previous embodiments, the user 

10 equipment 10 sends a packet data protocol (PDP) context activation request 80 
requesting a first quality of service (QoS 1 ) level via the RNC 1 8 to the SGSN 20. The 
SGSN 20 then sends a radio access bearer (RAB) assignment request 82 to the RNC 
18 requesting an assignment of resources to provide the user equipment 10 with the 
first quality of service (QoSl) level. In response, the RNC 1 8 assigns a first quality 

15 of service (QoSl) level for use by the user equipment 10 and sends the SGSN 20 an 
RAB assignment complete message 88 indicating the assignment of a radio access 
bearer having the first quality of service (QoSl) for use by the user equipment 10. 

Next, a create PDP context request message 148 is forwarded to the GGSN 24 
to request an allocation of resources for providing the first quality of service. At step 

20 150, the GGSN 24 identifies congestion in the GGSN 24 itself (or in some other part 

of the core network 6) that prevents the core network 6 fi-om being able to provide the 
requested quality of service. Because of the congestion, the GGSN 24 assigns a 
second quality of service (QoS2) level for use by the user equipment 10 and, at step 
152, stores an indication that the first quality of service (QoSl) level was initially 

25 requested. 

The GGSN 24 notifies the SGSN 20 that the user equipment 10 has been 
assigned a core network bearer service providing the second quality of service (QoS2) 
level in a create PDP context response message 154. The SGSN 20 then sends 
another radio access bearer (RAB) assignment request 82 to the RNC 18 requesting 

30 an assignment of resources to provide the user equipment 1 0 with the second quality 
of service (QoS2) level. In response, the RNC 1 8 assigns a second quality of service 
(QoS2) level for use by the user equipment 10 and sends the SGSN 20 an RAB 
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assignment complete message 88 indicating the assignment of a radio access bearer 
having the second quality of service (QoS2) for use by the user equipment 10. 

The SGSN 20 then sends a PDP context activation accept message 90 to the 
user equipment 10 indicating that the second quality of service (QoS2) level has been 
assigned to the user equipment 1 0. Because the second quality of service is different 
from what was originally requested, the user equipment 1 0 can either accept or reject 
the alternative quality of service assignment. It is again assumed that user equipment 
accepts the second quality of service (QoS2) at step 92. As a result, the data 
communication session is successfully implemented, albeit at a different quality of 
service level than was originally requested. 

During the data communication session, the GGSN 24 monitors the traffic 
level at step 156 as a result of having previously stored the initial quality of service 
request at step 152. Eventually, at step 158, the GGSN 24 identifies a core network 
bearer service that is capable of providing the first quality of service (QoSl). The 
GGSN 24 allocates that core network bearer service to the user equipment and sends 
a modify PDP context request 100 to the SGSN 20, which forwards the request 100 
to the user equipment 10 to query the user equipment 10 as to whether the user is 
willing to accept the first quality of service (QoSl ), If the user equipment 1 0 accepts 
the first quality of service (QoSl) at step 102, the user equipment 10 transmits a 
modify PDP context accept message 104 to the SGSN 20 and the GGSN 24. 

In response, the SGSN 20 sends a radio access bearer (RAB) assignment 
request 82 to the RNC 1 8 again requesting an assignment of resources to provide the 
user equipment 10 with the first quality of service (QoSl) level. Assuming the RNC 
1 8 can provide a radio access bearer service having the first quality of service level, 
the RNC 1 8 allocates the appropriate radio access bearer service for use by the user 
equipment 1 0 and sends a message 1 06 notifying the user equipment 1 0 that the radio 
network 4 is ready for the new quality of service. The RNC 1 8 also sends the SGSN 
20 another RAB assigxunent complete message 88 indicating the assignment of a radio 
access bearer having the first quality of service (QoSl) for use by the user equipment 
1 0. The SGSN 20 then transmits a message 1 08 notifying the user equipment 1 0 that 
the core network (CN) 4 is ready for the new quality of service. 
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Although a preferred embodiment of the method and apparatus of the present 
invention has been illustrated in the accompanying Drawings and described in the 
foregoing Detailed Description, it is understood that the invention is not limited to the 
embodiment disclosed, but is capable of numerous rearrangements, modifications, and 
substitutions without departing from the spirit of the invention as set forth and defined 
by the following claims. 
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WHAT IS CLAIMED IS: 

1. A method for assigning quality of service resources in a data 
communication system (2), characterized by the steps of: 

receiving a request (80) to initiate a data communication session having 
5 a first quality of service level, said data communication session requested for a 
particular subscriber station; 

detecting congestion (84) in the data communication system, said 
congestion preventing the system from supporting the requested data communications 
at the first quality of service level; 
10 assigning a second quality (56) of service level for use by the 

subscriber station; 

initiating a data communication session at the assigned second quality 
of service level (58); 

monitoring a level of congestion (62) in the data conmiunications 
15 system to identify an availability of a third quality of service level during the data 
communication session; and 

assigning the third quality of service level (64) for use by the 
subscriber station. 

20 2. The method of claim 1 , wherein said first and third quality of service 

levels are the same. 

3. The method of claim 1, further characterized by the step of storing an 
indication of the request for the first quality of service level. 

25 

4. The method of claim 3, wherein the step of monitoring the level of 
congestion in the data communications system (2) is performed as a result of the 
stored indication. 



30 



5. The method of claim 1 , further characterized by the step of upgrading 
the data communication session to the assigned third quality of service level, wherein 
said second quality of service leyel is lower than said first quality of service level. 
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6. The method of claim 1 , wherein said second quality of service level is 
higher than said first quality of service level. 

7. The method of claim 1, further characterized by the steps of: 
notifying (90) the subscriber station (10) of the assignment of the 

second quality of service level; and 

receiving an acceptance of the second quality of service level 
assignment (104) from the subscriber station (10), wherein the step of initiating the 
data communication session at the assigned second quality of service level is 
performed in response to said acceptance. 

8. The method of claim 1, wherein the detected congestion is 
characterized by congestion in a radio network ( 1 6) of the data conununication system 
(2). 

9. The method of claim 1, wherein the detected congestion is 
characterized by congestion in a core network of the data communication system. 

1 0. The method o f claim 1 , wherein the step of assigning the third quality 
of service level for use by the subscriber station is characterized by reserving 
resources for providing the third quality of service level to the subscriber station. 

11. The method of claim 1, further characterized by the step of notifying 
the subscriber station of the assignment of the third quality of service level. 

12. The method of claim 1 1 , further characterized by the step of upgrading 
the data commxmication session to the assigned third quality of service level in 
response to a receipt of an acceptance of the second quality of service level 
assignment from the subscriber station. 

13. A packet-switched telecommunications system (2),characterized by: 
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a radio network (4) for communicating signals containing data packets 
with a mobile user station (10); 

a core network (6) for routing said data packets and for receiving a 
request from the user station to route said data packets at a first quality of service 
level; and 

wherein said telecommunications system (2) is operable to allocate 
system resources for providing a second quality of service level for said data packet 
routing when system resources for providing the first quality of service level are 
unavailable (56), said telecommunications system (2) further operating to allocate 
system resources for providing the first quality of service level for said data packet 
routing if the telecommunication system identifies available system resources for 
providing the first quality of service level during the communication of said data 
packet signals. 

14. The packet-switched telecommunications system of claim 13, wherein 
the system resources for providing the first quality of service level is characterized by 
a first core network bearer service and the system resources for providing the second 
quality of service level comprise a second core network bearer service. 

1 5 . The packet-switched telecommunications system of claim 1 3 , wherein 
the system resources for providing the first quality of service level is characterized by 
a fu-st radio bearer service and the system resources for providing the second quality 
of service level comprise a second radio bearer service. 

16. The packet-switched telecommunications system of claim 13, wherein 
the system is characterized by a General Packet Radio Service (GPRS) system. 

1 7 . The packet-switched telecommunications system of claim 1 6, wherein 
the core network includes a serving GPRS support node (20). 

1 8 . The packet-switched telecommunications system of claim 1 6, wherein 
the core network includes a gateway GPRS support node (24). 
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19. The packet-switched telecommunications system of claim 1 3. wherein 
the system is characterized by a Universal Mobile Telecommunications System. 

20. The packet-switched telecommunications system of claim 1 3, wherein 
5 the core network routes data packets between the radio network (16) and a server. 

2 1 . The packet-switched telecommunications system of claim 1 3, wherein 
the allocation of system resources for providing the first and second quality of service 
levels is performed by the core network (6). 

10 

22. The packet-switched telecommunications system of claim 13, wherein 
the allocation of system resources for providing the first and second quality of service 
levels is performed by the radio network (4). 

15 23. The packet-switched telecommunications system of claim 13, wherein 

the core network (6) monitors system congestion to identify whether system resources 
for providing the first quality of service level are available. 

24. The packet-switched telecommunications system of claim 23 , wherein 
20 the core network monitors system congestion by periodically querying the radio 

network (16). 

25 . The packet-switched telecommimications system of claim 1 3, wherein 
the radio network monitors system congestion to identify whether system resources 

25 for providing the first quality of service level are available. 
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